lysozyme. Scanning Electron Microscopy images provide insight into the morphology of the freeze-dried samples.
Finally, additional information on Staphylococcus aureus and Staphylococcus epidermidis ability to adhere onto the prepared hydrogel composites in short times were obtained, as well as the chondrogenic potential of the composites assessed by SDS-PAGE followed by Coo Value of the data The SDS-PAGE followed by Coomassie blue gel staining supported real-time PCR and histological data reported in the main paper.
1. Data
FT-IR/ATR characterization
FT-IR/ATR measurements of freeze-dried Gellan Gum/Manuka honey/Halloysite nanotubes (GG MH HNT) composite hydrogels, crosslinked with two different ions (i.e., calcium or magnesium), as well as their starting materials, were carried out.
FT-IR/ATR spectra of MH and lyophilized MH resulted quite similar, indicating that water was only partially removed by the process, since it is firmly linked to the sugars (data not shown). Indeed, comparing the weights of honey samples before and after the freeze-drying procedure, the dehydrated hydrogels lost only the 1.4 7 0.3% of their starting weight. In Fig. 1A , a comparison between GG, freeze-dried MH and GG MH spectra is reported. Since the systems crosslinked with Ca 2 þ or Mg 2 þ ions, without HNT, presented similar spectra, for sake of clarity, only the one crosslinked with calcium ions was reported. The spectrum of MH (orange line in Fig. 1A ) showed two water bands at 3293 cm À 1 (OH stretch) and 1644 cm À 1 (OH deformation).
Moreover, the band appearing at 1644 cm -1 could also be due to the N-H bending of aminoacids and vitamins [2] . The band from about 1500-750 cm À 1 corresponded to the most sensitive absorption region of the honey's major components, relevant to honey sugars and organic acids. According to Tulchinsky et al. [3] , the spectral region located at 900-750 cm À 1 is characteristic of the saccharide configuration. In the range 3290-3320 cm
, the band relevant to O-H stretching of sugars present in MH and in GG was evident. In GG powder, the bands appearing at 1602 and 1403 cm À 1 were due to asymmetric and symmetric stretching of COO -groups, respectively. In the GG MH hydrogel, both the bands at 1602 and 1644 cm À 1 were observed (see inset). As far as the GG MH HNT hydrogels were concerned, the presence of HNT was quite evident both for Ca-and Mg-crosslinked systems, even better than in the HNT-containing hydrogels previously reported [4] . The peaks at 3693 and 3622 cm À 1 could be associated to the stretching of the inner hydroxyl groups predominantly in a free state (Fig. 1B) [1].
SEM analysis
All the samples showed a porous, spongy-like architecture (Fig. 2) , characterized by interconnected cavities. Moreover, bright spots could be observed in Fig. 2C and D, ascribable to the presence of HNT in the samples. 
Water uptake evaluation
GG-based hydrogels, after a specific freeze-drying and re-hydration, can give rise to spongy-like hydrogels. The experiments reported in this section were performed in order to shed light on the impact of (a) crosslinker cations (Ca 2 þ or Mg 2 þ ), (b) HNT and (c) MH presence on the water uptake properties of the GG-based hydrogels. As highlighted in Fig. 3 and Table 1 , all the tested polymers swelled very rapidly, because of the presence of large pores typical of freeze-dried systems [1] . In particular, GG MH HNT Mg hydrogels displayed a significantly higher swelling in respect to the other systems, reaching the swelling equilibrium after 15days [1] . Conversely, as far as Ca-crosslinked samples were concerned, HNT presence did not dramatically affect the swelling behavior of the hydrogels [1].
Weight loss evaluation
The degradation rate of a biomaterial plays a pivotal role in tissue engineering, since it should occur in parallel with the deposition of new tissue [5] . Therefore, an in vitro study of the weight loss of the prepared hydrogels was performed. Firstly, hydrogels degradation behavior was evaluated in simulated synovial fluid, in order to better mimic cartilage microenvironment. To the best of our knowledge, no previous studies related to hydrogels degradation in this medium were previously carried out. Thus, it was noteworthy to observe that, after 10 weeks in absence of enzymes the weight of all the prepared hydrogels was not significantly altered (Fig. 4A) . Similarly, each hydrogel type incubated in PBS was stable up to 10 weeks, without statistically significant weight losses (Fig. 4B) , as already reported [6] .
Lysozyme was used in vitro to mimic the degradation by lysozyme-positive macrophages and it was previously tested in vitro as hydrolytic enzyme able to degrade polysaccharides, including Gellan Gum [7] . As shown in Fig. 4C , only a slight degradation occurred in lysozyme for non-crosslinked hydrogels (after 3, 4 and 10 weeks, p o 0.05). Conversely, the presence of the crosslinking ions improved hydrogels stability, since no significant changes in weight were observed up to 10 weeks for Ca-and Mg-crosslinked hydrogels (Fig. 4C) , as already described for other calcium crosslinked hydrogels [8] .
Bacterial adhesion on hydrogels
The turbidity of bacterial solutions was measured in terms of o.d. after the 90 min of adhesion phase to test an eventual fast anti-adhesion activity. However, no significant differences between the tested hydrogels and the control (p 4 0.05) were observed, as summarized in Table 2 . Indeed, moving from the initial o.d. (T 0 , standardized to reach 0.001 at 600 nm) to the 90 min o.d., all values were comparable; hence a similar number of bacteria were floating in the supernatants or attached to the specimens' surfaces. These data were useful to exclude a fast anti-adhesion activity within the first adhesion step. 
Chondrogenesis analysis
The SDS-PAGE followed by Coomassie blue gel staining supported PCR data, as typical bands related to aggrecan and collagen II were detected for all the tested specimens (Fig. 5 ).
Experimental design, materials, and methods

FT-IR/ATR characterization
Dehydrated samples were also analyzed with a Spectrum Two PE instrument (PerkinElmer, USA) equipped with the universal ATR accessory (UATR, Single Reflection Diamond/ZnSe). FT-IR/ATR spectra were acquired from 400 to 4000 cm À 1 , with a resolution of 4 cm
. The recorded signals were reported as transmittance percentage.
SEM analysis
A scanning electron microscope (Hitachi TM3030 Tabletop SEM) was used to study the morphology of freeze-dried gels. The samples were cut into small cylinders (1.5 cm of diameter and 0.4 cm of height), fixed on the aluminium stub using carbon tape and directly observed.
Water uptake evaluation
Dried polymeric samples were firstly weighed (m i d ), successively placed in tea bags. The tea bags containing samples were sealed and incubated in PBS at 37°C to determine the water uptake profile up to 7 days and weighted prior (m i°) and after each time point (m i t ) (5 h, 1, 2, 3, 7, 8, 9, 10, 11, 14, 15 and 21 d). Moreover, in order to guarantee that the amount of the measured water was only ascribable to the samples swelling, the weight of empty wet tea bags was also considered after each time point (m b t ). Therefore, the percentage of water content (WC %) for each sample over time was calculated using Eq. (1) reported below:
Furthermore, the rewet of freeze-dried samples was obtained by ratioing the weight of fully swollen samples (i.e., the weight of 21 days-swollen samples, m i 21 ) to the weight of the as-prepared hydrogels (i.e., before freeze-drying, m i ap ), as shown in Eq. (2):
Each test was performed in triplicate and data were reported as mean 7 standard deviation.
Weight loss evaluation
The degradation behavior of six types of hydrogels (with and without HNT, ionically crosslinked with Ca 2 þ , Mg 2 þ , or not crosslinked) was monitored in vitro in lysozyme, PBS and simulated synovial fluid, the latter was prepared according to Marques et al. [9] . At predetermined time intervals (1, 3, 4 and 10 weeks), hydrogels were removed and weighed to determine the weight percentage. The experiments were performed in triplicate and data were expressed as mean 7 standard deviation.
Bacterial adhesion on hydrogels
The adhesion of Staphylococcus aureus and Staphylococcus epidermidis was evaluated during the first 90 min of culture onto the prepared hydrogels to test an eventual fast anti-adhesion activity. The optical density at 600 nm was evaluated on all the sample types.
Chondrogenesis analysis
An amount of 25 mg of protein extract was separated onto a 10% SDS-PAGE [10] . Then, the gel was stained by Coomassie blue for 5 min prior to be carefully washed with distilled water. Finally, the gel was immersed ON into a destaining solution.
